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• Wild fauna
• biodiversity
• Tourism
• Culture 
• Traditions
Objectives: 
• Climate change vulnerability of 
pastoral systems
• discuss the methodological 
framework and preliminary results
• Transhumance ≈ 600,000 ovins
• T increase c.a. +2°C on the French S. Alps (≈ 
2 times global average)
• Summer season rainfall <30% 
• Increase of extreme events
Vulnerability: 
susceptibility to harm from environmental and social changes and its capacity to 
adapt to such changes
Adger 2006
Metzger, 2006
Marshall & Stokes 2014 
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• CC are expected to affect a range of socio-economic and environmental aspects 
and requires to consider a range of socio-ecological feedbacks
• CC Adaptation  is not just  the capacity to cope with shocks but also its long-term 
resilience  
Eakin et al. 2011
Darnhofer, 2014
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Resilience vs. Vunerability of Grazing systems: 2 opposite views
• Grazing systems depend on semi-natural resources and therefore sensitive to changes 
affecting quality, quantity or access to the resources on which they rely because of an 
intrinsic lower capacity to buffer the effects of CC
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Marshall et al. 2014
Maru et al. 2014
• Farmers in Grazing systems with strong links and traditions are 
aware and the habit to adapt that increase the resilience
8th AIEAA Conference Pistoia
Building of Causal
loop diagrams with 
farmers
Fuzzy Cognitive 
Mapping 
Validation/Calibration
• Stakeholder workshops/ 
interviews
• Farmers’ survey on 
perception and adaptation
strategies
Database
• Remote sensing vegetation dynamics
• Pasture management data (pastoral unit scale)
• Agricultural census (municipality scale)
• NDVI change 2006-2014 in the pastoral units
Strategies Resources
Drivers  
Farmer’ s objectives
Preliminary results & discussion
Workshops: clear perception of changes but not connected to 
specific vulnerabilities: wide range of response strategies are 
already part of the farmers’ “toolbox” 
However, adaptation is based on coping strategies and traditional
practices co-evolved in a different environmental and 
socioeconomic context
Climate extremes will likely be the main challenge: farmers are 
confident to be able to adapt but the experience has developed
in different socio-environmental context
Preliminary results & discussion
CC is not the only driver: the co-occurence of different factors can 
exacerbate risks… 
• predation forces to abandon smaller and marginal pastures and 
concentrate the flocks to hire the shepherds and wolfdogs 
(Contrasts with tourism); the need of paddocks is increasing 
localised stress and less efficient use of the resource
• agri-environmental payments are effective in supporting pastoral
activities but current dynamics seems to squander the link between
farmers and pastoral resources (deconnection from productivity
and «herd parking» effects
• Upland pastures as “herd parking”, but productive efficiency is less 
and less relevant
Preliminary results & discussion
CC is not the only driver: the co-occurence of these factors can 
exacerbate risks or help the adaptation.
• The necessity to hire more shepherds and increase their 
‘presence’ on the grasslands could have interesting positive 
effects on the development of enhanced flock management. 
• Increasing importance of farmers’ collectives and bottom-up
institution like the Alpages Sentinelles a well-established
adaptive co-management institutions but complicate to assess
its impact on the future sustainability of pastoral systems.
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Coping strategies (allowing for persistence of the 
system without changes)
Preserve mobility capacity: moving livestock to 
more favourable forage resources to escape 
droughts (transhumant farmers)
Insurance against extreme events 
Water reservoirs to collect rainwater and 
improvements of infrastructure for water supply 
Adjust stocking rate to adapt to forage availability 
Adaptation strategies (allowing for novelty in e.g. 
practices, technologies, etc.)
Adjust practices to reduce heat stress e.g. pause 
grazing in the midday, change lambing periods, etc.
External supplement of hay to cover forage gaps
Buffering resources (diversify and preserve 
different resources e.g. woody plots, wet areas, 
etc.) 
Introduce drought-adapted breeds
Improved livestock management (adjusting 
mounting dates, smart pasture plot rotations, etc.)
Develop collective institutions for info and 
collaboration
Transformation strategies (system change) Abandonment of pastoral activity
Shift to transhumance (for locals)
Diversification of income (tourism, mixed farming)
